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Atrial fibrillation (AF) is the most common sustained We aim to simulate the impacts on flow and clotting 1. Context: Atrial dynamics in normal sinus rhythm ‘ _
arrhythmia in the U.S. Complications include throm-  risk of specific interventions: and in atrial fibrillation. V.. » * ﬁ |
boembolism and stroke. _ 2. Data: In vivo and in vitro data relevant to cardiac L L | |
e percutaneous LAA exclusion fluid dynamics, muscle mechanics, electrophysiol- -
Anticoagulation is commonly prescribed to patients e catheter ablation therapy for AF ogy, and thrombosis at the organ scale.
with elevated stroke risk. Current risk assessment in- These require models that couple 3. Evaluation: Against benchmark data. We shall
dices lack individualization and classify most AF pa- . P compare velocities (of the flow, muscle, and elec-
tients as being at intermediate risk. e electrophysiology trical activation), deformations, and stresses.
o | | e muscle mechanics 4. Limitations: Established by benchmarking and un-
The long-term objective of this research is to develop e fluid dynamics certainty quantification.

broad-spectrum approaches to clotting risk assess-
ment in AF that provide personalized risk prediction.

5. Version control: git is used for software and
model repositories.

T i o P oct f in subject-specific anatomical models. 6. Document: Simulation infrastructure is docu-
e specific aims of this project tocus on construct- mented through ibamr.github.io. Documen-

ing, verifying, and validating comprehensive models Simulation methods include: tation is generated through in-line comments pro-
of atrial dysfunction to enable mechanistic studies of
flow and clotting in AF.
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e dhisade AN Cesse’[d tt')y e oo (Iwélw . ﬁoxy?_ezl.l ntl>) ﬁt_?: %O(CD-I Validatio;:e(?)f FSI models o;mz)ardiac valve dyr:n;(?nics
volume methods for the incompressible Navier- umentation 1S generated automatically by 1ravi
Stokes equations (travis—ci.org).

. | solid d ics b hilized 7. Dissemination: Simulation infrastructure is dis-
e computational solid dynamics Dy stabilize tributed through GitHub. The project plans to use

in a pulse duplicator. Top: Simulated flow along the
aortic test section. Middle: Simulated leaflet opening
dynamics. Bottom: Comparison of computational and

. mixed finite element methods for incompress- GitHub to distribute model data as feasible. experimental flow dynamics and leaflet kinematics.
Ible and nearly incompressible nonlinear elas- 8. Review: In vitro models of cardiac flow are are ex-
ticity pected to be submitted to the FDA Medical Device a)
e fluid-structure interaction by AMR immersed Development Tools program as non-clinical assess-
i boundary (IB) methods ment models.
Lo e electrophysiology by AMR finite element 9. Competing implementations: Where possible, we
windsock chicken wing /if/ower methods use community tests to compare against alternative
Typical LAA morphologies. Top: echo. Bottom: CT. e thrombogenesis via finite volume methods for methods and implementations. | |
reaction-advection-diffusion equations 10. Standar.ds: Software WI|.| be tested using a variety
In AF, most clinically significant thrombi form in the of compilers using a dedicated Jenkins Cl server .
left atrial appendage (LAA). Initial work is focused §Je“kln? - lf>- M%df's wil f‘,Jset,Sta”dard fﬁ;matst )
on developing models of flow and clotting in the LAA. -”:|CAT|O|\| eor;g:ggn SCAle MOUET Specliication as such 1ormats

Verification will use benchmark problems with known
analytic solutions or with consensus solutions.
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g Ay - T Initial results from a subject-specific FSI heart model.
1 Left: atrial systole. Right: ventricular systole.
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inserted through right 1.00
femoral vein and up the .
i vera e Pulsewave Doppler data from a) the LAA ostium a pa- -I\IOWLEDGE'\AENTS
_ _ | _ _ tient showing normal flow and b) the LAA remnant of Thanks to BA Craven, EM Kolahdouz, JH Lee, C Puelz, LN
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